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PREFACE

The Californi a E(EQ)KhgrgyResaarnh andDewelopinent Divisionsupports
energy research and development programs to spur innovation in energy efficiency, renewable
energy and advanced clean generation, energy-related environmental protection, energy
transmission and distribution, and transportation.

In 2012, the Electric Program Investment Charge (EPIC) was established by the California
Public Utilities Commission to fund public investments in research to create and advance new
energy solutions, foster regional innovation and bring ideas from the lab to the marketplace.
TheCECand the statebs townedwdiltiésd Pagifec Sas andiklecris t o r
Company, San Diego Gas& Electric Company and Southern California Edison Compang were
selected to administer the EPIC funds and advance novel technologies, tools and strategies
that provide benefits to their electric ratepayers.

The CECis committed to ensuring public participation in its research and development
programs that promote greater reliability, lower costs, and increase safety for the California
electric ratepayer and include:

1 Providing societal benefits.

1 Reducing greenhouse gas emission in the electricity sector at the lowest possible cost.

f Supporting Californiabés | oading order to mee
and demand response, next with renewable energy (distributed generation and utility
scale), and finally with clean, conventional electricity supply.

1 Supporting low-emission vehicles and transportation.
1 Providing economic development.
1 Using ratepayer funds efficiently.

Residential Intelligent Energy Management Solution to Enable Integration of Distributed

Energy Resourcesis the final report for Contract Number EPG15-048 conducted by Alternative

Energy Systems Consulting, Inc. The information from this project contributes to the Energy
Research and Development Divisionbés EPIC Progra

For more information about the Energy Research and Development Division, please visit the
CECO6s r e s e a(wwwlenergyeca.gov/research/) or contact the CEC at 916:327-1551.



http://www.energy.ca.gov/research/

ABSTRACT

Load volatility and grid reliability challenges are growing in California, in part due to the
amount of renewable resource generation, photovoltaic solar roofs, electric vehicles, and other
distributed energy resources. Managing this volatility requires innovation and practical
applications of emerging technologies.

The vision for management of tomorrowds dynamic
will include several key components:

1. Individual homes with distributed intelligence to manage smart loads, in concert with
on-site renewable power production and on-site battery storage systems

2. Load forecasts from millions of homes aggregated and provided to electric grid
operators

3. Dynamic price signals that prompt load profiles and price signals to quickly achieve
balance between electricity supply and demand

With Alternative Energy Systems Consulting, Inc., as the project lead, the technical team
applied a residential distributed energy resource management system, developed by Itron,
lead technologist on this project. The system was deployed to a 100 -home, real-world
laboratory equipped with distributed energy resources and smart loads to study practical
applications of technology and dynamic price strategies.

This system leverages continuously updated information to allow smart, efficient, energy use.
Its web -connected hub analyzes price and weather data to communicate with end-use devices
and regulate electricity consumption to deliver low consumer energy costs. The system
consolidates day-ahead loads and facilitates dynamic price signals by transmitting forecasts to
a demand clearing house that is ultimately connected to grid operators.

Projectresults and datacol | ecti on support this technology©6s
electric grid by functioning as a missing link between rapid load fluctuations and the grid. This

dynamic technology could potentially and dramatically flatten the duck curve and balanc e

renewable resources, including generation, with the existing electric grid through innovative

energy management practices.

Keywords: distributed energy resources, DER, RDERMS, overgeneration, reatime pricing,
transactive energy, electric vehicle, solar, dynamic pricing, demand clearinghouse

Please use the following citation for this report:

Clint, John, Stephan Barsun, Kristin Larsonet. al. 2020. Residential Intelligent Energy
Management Solution: Advanced Intelligence to Enable Integration of Distri buted
Energy Resources California Energy Commission. Publication Number: CEE500-2020-
XXX.
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EXECUTIVE SUMMARY

Introduction

Californiadstammi eéneugy !l phan mandates that 100
electricity come from renewable resources, primarily wind and solar, by 2045. The California

Energy Commission reports that the state is on track to meet that goal, which will reduce the

greenhouse gas emissions from fossitfueled power plants that contribute to climate change.

Challenges persist, however, on how to most efficiently and economically incorporate relatively

small sources of renewable resource generation into the existing electric grid, which has
traditionally delivered electricity generated b
grid also faces growing pressure for greater flexibility as more Californians opt for rooftop

solar, electric cars, and other technologies that either add to or reduce distribution and grid
electric loads. A key issue resides in the Aduc
System Operator (Figure ES1). A duck curve graphically illustrates the imbalance between

electricity demand and available renewable resources, current and projected, through the

supply and demand peaks and valleys of a single day. On a hypothetical warm spring day with

low electricity demand, for example, the grid may not be able to accommodate all available

renewable generation. This project addresses this imbalance and offers solutions to minimize

or eliminate it.

Figure ES-1: Duck Curve - Typical Spring Day
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Project Purpose

Il n addi ti on t egroWrlreneiwable resoarde £nefgyapsotiuction, this heightened
load volatility and other potentially costly risks are also growing in severity from the number
of roof-top photovoltaic panels, electric vehicles, and other tr ends that require adaptation. The
duck curve renewable energy/grid imbalance could be alleviated in millions of homes with new
capabilities offered by distributed intelligence and dynamic management and scheduling of



resources. Applied research, focusing an new technology, will be a key component of the
broader solution to these challenges as California increases production of renewable resource
energy to meet mandated statewide clean-air targets.

This project specifically advances objectives to identify, inform, and develop strategies for
overcoming technical, institutional, and regulatory barriers to expanding demand-response
participation in California. Given the growing proliferation of photovoltaic solar roofs and
electric vehicles in the state, this project aspires to flatten the demand -curve imbalance, or
duck curve, through new technology that enables alleviation of heightened electric load
volatility and grid costs. In the real -world laboratory of 100 homes in various climate zones
within San Diego Gas & Electric(SDG&E)service territory, this project assessed and tested a
new distributed intelligence technology. Observations and data collection support this
technol ogydés potential to dynami ca$dnyssimgdinkust t h
between rapid load fluctuations and the grid. This dynamic technology could potentially and
dramatically flatten the duck curve and balance renewable resources, including generation,
with the existing electric grid through innovative ener gy management practices.

Project Approach

The project team created the real-world lab to advance understanding of innovative

distributed energy management opportunities made possible by advanced intelligent controls.
The prime contractor selected three major subcontractors to provide expertise in distributed
energy resource control, vehicle to grid integration, and tariff assessment. A technical advisory
committee provided guidance on topics related to project direction such as scope, methods,
timing, pro ject deliverables, and coordination. Committee members were selected based on
traits including technical expertise, market knowledge, or familiarity with related projects.

To patrticipate, each residence was required to have broadband internet access and a utility
smart meter. To calculate benefits of the technology, the project team evaluated the baseline
period data before installation and surveyed existing end-use appliances. Labconfigurations
and scenarios were developed and studied under current block tariffs, time -of-use (TOU)
tariffs, and future dynamic price -signal tariffs. Under various scenarios, data were collected on
an ongoing basis; collected data included smart meter interval data, end -device data (whole
home and disaggregated), and interval data. Analysis of the collected data allowed the project
team to conduct a full assessment and develop conclusions. Final consolidated information
includes observed consumer impacts, grid-level impacts, and key conclusions.

Project Results

The project successfully recruited 100 participants and installed thermostats, electric vehicle
chargers, and battery energy storage systems at those test homes. The primary intent with
these devices was to shift load from high-cost and high-carbon periods to periods with lower
energy costs (and likely lower carbon content). During the recruitment and installation
processes, the project team identified three specific issues that may hinder broader
implementation or adoption of some intelligent distributed energy resource s:

1 Available space to install new equipment and electrical capacities in customer electrical
panels

1 Physical space in an appropriate location for the equipment (such as, a garage)



1 Existing utility rates and tariff rules

After recruitment and installation , tariff modeling results confirmed that current time -of-use
rate structures offered by SDG&Ebenefit customers and the grid through planned electric
vehicle charging and energy storage dispatch. This indicates that current rate structures
offered by the u tility reward customers who use distributed energy resources that provide grid
benefits. However, greater grid benefits can likely be achieved by further aligning distributed
energy resource operations with dynamic (real-time) price signaling.

Additionally, two types of price signals that encourage residential customers to shift electric
demand to periods of high renewable resource generation were investigated: retail rates and a
wholesale market mechanism. Rewarding customers who shift loads to these periods through
price signals could increase consumption of renewable energy generation without increasing
utility costs. Although this research showed that compensation from negative prices in the
wholesale market alone does not offer a strong economic incentive for behind-the-meter
customers to participate in the California
resource product, relatively minor adjustments to existing time -of-use rates in SDG&Eservice
territory could reduce emissions by increasing load during these hours.

During the field demonstration periods, the project team successfully showed that control of
electric vehicle charging, batteries, and thermostats contribute to dynamic pricing that better
reflects cost and carbon content. The project team also successfully demonstrated a reduction
in demand during peak hours, as shown in Figure ES2.

Figure ES-2: Average Reduction Dur ing Peak Hours
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These reductions helped drive customer energy bill reductions by moving energy demand
away from high-cost, high-demand periods. Participants given only thermostats saw minimal

nde



change but participants in equipment tiers that received EV chargers and/or batteries
displayed, on average, increase in consumption as many participants began either charging
their electric vehicles at home or charging their vehicles more frequently at home . The battery
energy storage system participant sites also increased their daily electricity consumption
because of inherent energy losses as electricity is charged and then discharged from the
battery.

The study showed dramatically different impacts on different house hold DER configurations
Ninety percent of participants in this study had existing solar PV. These households where the
solar generation more often exceeded electrical demand, especially during the peak afternoon
hours, offered the greatest potential to reduce energy bills and shift load to minimize peak
demand. Figure ES 3 shows the relationship between monthly electricity bill savings during the
study and monthly electricity consumption before the study.

Figure ES-3: Monthly Bill Savings Versus Monthly Electricity Bill Before Study
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Participants with higher energy use showed, on average, higher monthly savings during the
study and switching to a time -of-use (TOU) rate. These are the households that are most
likely to benefit from this technology and switching to TOU rates. Conversely, participants who
produced more energy per month than they consumed, on average, lost money. These are
participants with a large solar system that produces more energy than their home consumes.
This is an important consideration for policymakers since participants with large PV systems on
a grandfathered volumetric tiered rate will likely lose financially by actively shifting their loads.
These are the very customers that may be the more environmentally minded early adopters
who would otherwise be more receptive to innovative load shifting technologies and rates that
would benefit society.



The study demonstrated energy reductions during the 4to9PMpeak hours (the oOh

duck curve). The study did not show substantial reductions in midday energy export (during
the fAbell yod o turénhtine-af-use kafes aadi net-ereergy metering policies do
not provide the financial motivations to do so. As a result, the existing operation is financially
optimized by charging the battery energy system at night during super off -peak rather than
during the daylight hours when the batteries could have been used to help mitigate grid
overgeneration.

In summary, two types of price signals that encourage residential customers to shift demand
to periods of high r enewable generation in SDG&E service territory were investigated: retail
rates and a wholesale market mechanism. Incentivizing customers to shift loads to these
periods through price signals could increase the consumption of renewable energy without
increasing utility costs. Although this research showed that compensation from negative prices
in the wholesale market by themselves currently do not offer a strong enough economic signal

for behind-the-met er customers to parti cigsedtLead Shitingt he Ca

Resource product, relatively minor adjustments to existing TOU rates in the SDG&E territory
could build load during these hours and also reduce emissions.

Advancing the Research to Market

The Residential Distributed Energy Resource Management System (RDERMS)is part of a suite
of products consisting of a commercially available platform that integrates and controls readily
available demand response and distributed energy resources equipment. These products, such
as battery energy storage systems, intelligent thermostats, and advanced electric vehicle
controllers, allow fast deployment and scale-up of any new load-shaping scenarios (advanced
dynamic tariff or t ransactive real-time price mechanism).

The project team performed technology/knowledge transfer efforts throughout the study in
three main areas:

1 Home-Owner Recruitment and Engagement The team interacted with over 200
potential participants and several industry organizations through its homeowner
recruitment and engagement efforts. These activities provided the perfect platform to
describe and promote the study. The team spoke at several seminars and provided
material/website links that were distributed to members.

1 Speaking Engagement: Industry leaders, stakeholders and other interested parties were
targeted and informed by way of seven conference speaking engagements, a webinar,
blog posts, a fact sheet-, reports (such as found here:
https://energycenter.org/thought -leadership/blog/smart-home-energy-technologies-
can-provide-greater-control-consumption-and) and the TAC.

1 Regulatory Engagement:1 n June 2019, the projectds
inform data and visuals used in providing comments to California Public Utilities
Commission (CPUC) Proposed DecisioApproving Greenhouse Gas (GHG) Emission
Reduction Requirements for the SeltGeneration Incentive Program (SGIP) Storage
Budget or Rulemaking (R.)12-11-005. Comments highlighted average hourly marginal
emissions rates by month and California Independent System Operator (CAISQ price
signals in SDG&Eb6s service territory 1in

tar i f
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will accomplish greater GHG emissions reductions and facilitate more renewable energy
integration by charging during solar generation hour s and discharging during evening

peaks, and as such, planned TOU rates could be improved to encourage this specific

type of behavior. Addi ti onal ly, in January 2020, the p
were used in providing comments to Re: Docket No. 19-OIR-01 regarding the 2020

Load Management Rulemaking Draft Scoping Memo.Comments noted that study

modeling results indicated that dynamic real-time pricing can result in more grid and

customer benefits when compared to block TOU rates. In addition, str ong price

differentials are needed within all seasons to ensure desired load shifting behaviors

occur year-round. Comments suggested that the Energy Commission should consider

the impacts of negative pricing events on load management strategies. In particu lar,

the research showed that while compensation from negative prices in the wholesale

market by themselves do not offer a strong economic signal for behind-the-meter
customers to participate in the CAI SO6s prop
could build load during these hours and reduce emissions.

Benefits to California

The RDERMShas shown its potential to provide California system operators, regulators, and

utilities with the ability to promote electric consumption that reduces peak demand through

automation, intelligent control, and price signals. Based on t hi s nddoncldsjodss r e s
a fully developed and broadly applied system should provide the following benefits:

1 Lower customer electricity costs: The RDERMSoptimizes customer electricity use
flexibility to minimize customer cost and reduce peak demand based on time-of-use or
other dynamic electricity rates. This system incorporates predictive algorithms to
forecast customer consumption and electric vehicle charging requirements while
accounting for customer comfort levels. I n turn, it allows the system to transparently
control distributed energy resources and intelligent loads within predetermined
customer constraints.

1 Greater reliability and resiliency. Wide-scale adoption of this residential distributed
energy resources management system in California will increasegrid reliability by
efficiently managing electricity usage in millions of homes. This will improve reliability
on multiple feeders and reduce the risks associated with a single point of failure at a
large battery-energy-storage farm. It also provides the o pportunity to preserve and
effectively manage energy use, storage, and load during public safety power shutoff
events and other disaster-related outages.

1 Environmental benefits: This RDERMSwv i | | contri but e-mawatedgdali f or n
of 50 percent renewable resource energy by 2030 by intelligently using the residential
electricity market to help balance energy supply and demand. Benefits of 50 percent
renewable energy production will reduce greenhouse gas emissions and other
pollutants that contrib ute to climate change.

Technology Transfer

At the end of the study, the thermostats, chargers, and batteries were left in place at
participants® homes for use by the participants



ended. During the study, participants were provided monthly summaries of their energy use,
highlighting energy use during more expensive times. Project results were presented at the
Association of Energy Services Professionals and the Electric Power Research Institute Forum
in late 2019. A white paper was also submitted for publishing by the American Council for an
Energy Efficient Economy.






CHAPTER 1:
Introduction

Overview

Cal i f or n-family eesidences lgalvedoecome the front line in a market transformation that

includes the proliferation of photovoltaic (PV) solar roofs, the advent of smart thermostats as a

de facto standard, the early stages of an inexorable shift to electric vehicles (EV) and the

recognition of advanced energy storage (AES)asa major partof Cal i forni ads fut

The vision of a smart grid is well established, where central and distributed energy resources
(DER) dynamically interact with smart homes, and smart loads respond to price signals to
effectively balance energy supply and demand. The technology in this vision of the future is
here today, but the potential to optimize the smart grid and smart homes in concert has yet to
be realized due to the lack of an enabling technology that will work with potential new utility
rates and business models

California Energy Commission Grant Funding Opportunity (GFO) 15311 established the
objective to identify, inform and develop strategies for overcoming technical, institutional and
regulatory barriers to expanding demand response participation in California. A primary source
of motivation was recognition of the requirement for smaller resources to play larger roles in
distribution and transmission grid management. As California moves further toward distributed
generation and intermittent renewable energy generation, this requirement is expected to grow.
To encourage the development of strategies and technologies to address this gap, GFO15-311
offered to fund applied research and development projects that assess how distributed energy
resources respond to current, planned, and potential price signals.

Cali forniabs Duck Curve

Distributed energy resources are creating two-way power flows, adding to increasing load

volatility, as well as creating problematic load shapes like the duck curve in California.

Distributed energy resources give customers more control over their energy use, but those
resources can also dramatically change customer
electricity grid. By helping customers understand and control their energy use, it is possible to

minimize the negative aspects of DER such as overgeneration, and reap the benefits of these
transformative technologies. Figure 1, which depicts a typical study participant, illustrates how

DER contribute to spikes and ramps and how control of customer loads and DERtogether can
redistribute customer electricity loads, allowing them to realize the benefits of these

technologies.



Figure 1: Uncontrolled and Controlled Load Shape
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Figure 2 displays the daily net and on-peak energy usage differentials between controlled and
uncontrolled scenarios.

Figure 2: Daily Energy Consumption
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Figure 3 shows the daily net and on-peak energy cost differentials and savings between
controlled and uncontrolled scenarios.

Figure 3: Daily Cost
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Rol e of Distributed Energy Resources in

The Residential Distributed Energy Resource Management System (RDERMS) studied in this
report is an energy management solution for users, ut ilities, regulators, and renewable
energy providers. This project documents the benefits of this system, including energy
savings to users without impacting comfort and convenience. It also demonstrates the ability
to stabilize aggregate demand on the grid by allowing load to react to dynamic pricing and
eliminating the negative effects of integrating more renewable energy sources into the
electric grid.

Smart Home Study

This project, known by its simplified name, Smart Home Study (SHS), shifted load shapes and
minimized customer utility costs for 100 homeowners who were also San Diego Gas & Electric
(SDG&E) residential electric customers. As part of the program, all participants with central air
conditioning received a Honeywell Wi-Fi web-programmable thermostat, 30 participants
received Webasto Level 2EV charging stations, and 30 received Sonnen battery energy storage
systems (BESS).Also, RDERMS were installed to communicate with theseDistributed Energy
Resources(DERS9. The project used RDERMS to shift electric loads and minimize customer
costs while maintaining customer comfort. The project used time -of-use (TOU) utility rates
and, later, simulated dynamic pricing signals to support load shifting models that were intended
to minimize customer costs.

Project Team

A project team was assembled to meet the diverse objectives of the program. The following
summarizes individual responsibilities of subtask teams.

11
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1 Alternative Energy Systems Consulting Prime contractor, project administrative lead,
technical advisory committee (TAC) chair

1 Itron Lead technologist and developer of the RDERMS, InteliSOURCE, and Riveneter

1 San Diego Gas & Electric Dynamic tariff, price signal and investor-owned utilities
subject matter expertise

1 KnGrid (dba Oxygen Initiative) Demand clearing house technology and electric vehicle
subject matter expertise

1 Center for Sustainable Energy Sample design, tariff analysis and modeling, and
knowledge transfer

Technical Advisory Co mmittee

As part of the project, the project administrators engaged, assembled, and convened a group
of diverse professionals to serve as a TAC. The TAC members were selected based on
willingness to participate, technical area expertise, knowledge of market applications, or
potential synergy with other projects. Participation was completely voluntary.

Purpose

The purpose of the TAC was to provide expert guidance to help steer the project to maximum
tangible benefits. Members were asked to help identify proje ct elements, conditions,
characteristics, and paths that enhanced the overall project and its ultimate results. They were
asked to provide evaluations on current project design and suggest adjustments or alternate
paths to improve project outcomes and value. Guidance addressed topics such as scope and
methodologies, timing, and coordination with other projects. More specifically, the TAC:

1 Reviewed products and provided recommendations for product adjustments,
refinements, or enhancements.

1 Evaluated the tangible benefits of the project to the State of California and provided
recommendations to enhance project benefits.

1 Provided recommendations regarding information dissemination, market pathways, and
commercialization strategies relevant to project products.

Technical Advisory Committee Kickoff

After establishing the TAC, the project administrators provided members with abstracts and
other documents that described the proposed project plan. TAC members were provided with
the preliminary meeting schedule and relevant contact information, along with outlines of
expected update procedures. Members had the opportunity to ask questions, request more
information, and provide feedback.

Meetings

Meetings, including scheduled teleconferences, were the primary method for collecting
strategic input from TAC members. Each teleconference began with a short presentation by
project administrators, including a brief review of pertinent milestone documents. A directed
open discussion was then held for all participating TAC members. Actionable project feedback
was developed and, if possible, consensus was reached. Meeting notes captured sistantive
aspects of discussions and followup items were established.
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Ad hoc meetingsd on both individual and group occasionsd captured additional input. Unlike
the regularly scheduled teleconferences, these meetings were held as needs arose and
focused on specific questions and issues. Ad hoc meetings were more closely tailored to
individual TAC members who possessed specific knowledge required for the questions at hand.
These meetings were generally short and detailed within a particular topic. The purpose of ad
hoc meetings was to gather especially actionable and timely feedback. Meetings were also
held over the phone, online, and in person.

Technology of Interest

The project installed Itronds RDERMS (I ntelli SC
100 homes to communicate with a spectrum of DERover different climate zones and

behavioral patterns to determine the feasibility of the pre -commercial technology. The project

modeled and measured the potential energy and cost impacts of RDERMS in homes where

residlent sé6 comfort was not compromi sed. TOUatlitgr o] e c
rates with simulated dynamic pricing signals to evaluate customer cost impacts.

System Architecture

The InteliSOURCE RDERMS system is a cloudased system built on proven demand-response

software and infrastructure. The project team had originally planned to use SolarGate to

provide distributed intelligence and | ocal <cont
provided the IntelliSOURCE platform that already had connections to multiple thermostats and

Sonnen batteries. This shift also eliminated the requirement for Itron to manufacturer any
devices and | everaged established manufacturers

The InteliSOURCE RDERMS communicated with, monitored, and controlled up to four different
DER systems at each project site. Those components included:

1 Honeywell Lyric smart thermostats.
1 Rainforest gateways to meter PV generation and net load.
1 Sonnen advanced BESS.
1 Oxygen Initiative -networked Webasto Level 2 charging stations.
The DERs and the component architecture of InteliSOURCE are shown inFigure 4.
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Figure 4: RDERMS System Architecture
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Figure 5: Meters, Devices, and Gateways

@

Solar

Meters

.

&

I

ers Gateways Thermostats EVSE Batteries
" Customer | T Dota » Cheap oo e
Load » Customer » Precool Gha.rglhg Chafge ol
» New for PV Load » Raise set v opimize oo
Generation » PV points cherging ’ I;’A::i’gdzou
Generation

Source: Itron

Demand Clearinghouse

The Oxygen Initiative demand clearinghouse can accept multiple inputs through its application
programming interfaces to create grid-friendly charging profiles for vehicles:

1 Local power limits for individual stations and station clusters
1 Energy prices
T Building energy management systems (for this

In support of this study, Oxyg en Initiative used OpenADR 2.0b virtual end node to connect to

the Group 3 awardeeods TheRlnesatcrtiiov ePeswern aRe searvehr
(EPRI) OpenADR virtual terminal node OpenADR2.0b supports smart charging by providing a

means for sending out a curtailment signal that requests all contracted resources to reduce

load. Additionally, when the signal is published by the virtual terminal node and received by

the virtual end node. In addition, grid operators can use OpenADR to publish locationspecific

prices for electricity. Typically, utilities use their default load aggregation point (DLAP) to set

local prices system wide.

The demand clearinghouseconnectst o E P R1 0 s virtDg) termidaDn@de . Node prices are
combined with forecasts of building load and building/equipment parameters to balance
thermostat and BESSoperations over the next day.

This study created equipment operation profiles for electric vehicle charging, thermostat s, and
BESS thatresulted in the following.

1 Causdl vehicles to charge on schedules aligned with low prices published by the utility
(and avoided charging during high prices), thereby assisting the utility in reducing
congestion on its transmission and distribution network.

1 Causd thermostats and BESS systems to consume power when priceswere low by
either pre-cooling houses with enough mass on hot days or charging the BESS. It also
saved energy during periods when prices were high through BESS discharge and pre
cooling the house ahead of high price periods or raising the thermostat setpoints within
customer preference. The customer was always able to adjust the thermostat setpoints
through the thermostat or a smartphone app.

BoththeOxygen I nitiati ve and dutcessfullydcenndctadthein | i SOURCE
respective virtual end node t o E RiRuial®sminal node Transactive Signal Server Tests
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show that the virtual end nodes were successfully accepting all published data from the virtual
terminal node.

Further, the project team identified the pricing payload and can now create price -optimized
vehicle charging profiles that turn off charging during high energy price intervals.

The project team successfully created electric vehicle charging profiles that align with pricing
intervals by setting TOU vehicle charging profiles.

Intelligent Devices

The RDERMS platform usesseveral intelligent devices to either sense and communicate or
sense and control load at the device. This section describes each of those devices.

Meters

The project used existing SDG&E utility meters to provide net load to feed house forecasts and
provide ongoing data. Where possible, the project team also installed additional meters to
monitor PV generation. These meters provided near real-time load and generation data to the
IntelliISOURCE platform.Figure 6 shows an installed meter at an SHS house.

Figure 6: Installed Meter

&
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Source: Itron

Gateways

Each house had at least one Rainforest ZigBee gateway installed to provide near reattime data

on customer load and, for some sites, PV generation. The gatewaysconnected to the meters

using Zigbee, read load and generation data every 15 minutes. This enabled data collection by

the RainForest web service that ITtronds Intelli
Ra i nf oappécatioropsogramming interface. Rainforest also provides a user interface that

allows the customer to access reaktime data.
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Wireless Hotspot

Based on prior experience with DR programs around the nation, the technology project team

decided to use industrial-grade wireless hotspots instead of relying on customer broadband for
connectivity. Customer broadband, while lower cost, is less reliable for device connections. The
Cradlepoint wireless hotspots include a cellular modem and provided both a wireless network

and a wired ethernet jack. These wireless hotspots provided connectivity for the gateways and

the electric vehicle chargers and batteries. The project team installed most equipment in close
proximity to the hotspot for better connRecti vit
since they are inside the house.

A completed installation with two gateways (one for th e SDG&E meter and one for the solar
meter), an ethernet hub, and a Cradlepoint hotspot is shown in Figure 7.

Figure 7: Installed Gateways, Hots  pot, and Ethernet Hub

Source: Itron

Control Devices

Each DER device (thermostats, electric vehicle chargers, and batteries) is connected to the

DER device manufacturero6s cloud either through
RDERMS connectgo each of these clouds to collect data and provide control signals.

Smart Thermostat

Honeywell Lyric WiFi thermostats, shown in Figure 8, were installed in nearly every house.! If
the home had multiple central heating and cooling air conditioning systems, the project
installed a thermostat to control each system. During the SHS, the project team requested that
the participant use a Honeywell Lyric Wi-Fi thermostat time-based scheduling model. The
thermostat included a location-based temperature-control (geofence technology) mode that

1 One house installed a new, higher-end HVAC systemin between site visit and installation that is not compatible
with a third -party thermostat. Another home only had mini -split air conditioning that is not compatible with the
Honeywell Lyric.
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the customer may still use upon completion of the study. During the study, the InteliSOURCE
platform communicated with the ther mostat to pre -cool the home during periods with lower
rates and increase the homeds temperature durin

Figure 8: Installed Smart Thermostat

Source: Itron

Electric Vehicle Charger

The project team installed a Level 2 electric vehicle charging station, also referred to as

electric vehicle supply equipment, in standard SAE J1772, at 30 project participant sites (Figure

9. The specific charging component i ssRSMnthast oo
the I ntelli SOURCE platform communicated with th
internet-based control system.
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Figure 9: Installed Electric Vehicle Charger
e

Source: Itron

The project team created electric vehicle charging profiles that aligned with pricing intervals by
setting TOU electric vehicle charging profiles in Phase 1 and charging profiles based on the
EPRIvirtual terminal node price signal in Phase 2.

Each time the customer connects the vehicle:

1. The vehiclebdbs charging goes into fMmSkspended
pricing.

1 The Oxygen Initiative ChargeCloud server automatically sends a text message to
the driverdés smart phone with the foll owi

Your vehicle is NOT charging. It will begin charging at 12:00 a.m.
Tap the link below to start charging.

https://webapp.oxygeninitiative.com/itron/charge/609aabl 57360be08ca25d3e77
5dc96¢cd
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https://webapp.oxygeninitiative.com/itron/charge/609aab157360be08ca25d3e775dc96cd
https://webapp.oxygeninitiative.com/itron/charge/609aab157360be08ca25d3e775dc96cd

1 If the customer does not click on the text message, the Oxygen ChargeCloud
publishes the charging prFomthispgointt o | tronods
InteliISOURCEcan adapt the charging profile to reflect other known conditions to
optimize charging. A potential use case for this is to charge the vehicle at midday
when solar is forecasted to export to the grid and prices are near zero or even
negative.

2. If the customer connects during a super off -peak rate period, the vehicle begins
charging immediately and will charge until full, unless a higher rate begins before
the vehicle is full.

1 If the vehicle is not yet full, the Oxygen Initiative ChargeCloud server
automaticallysendsa t ext message to the driveros s
nowo oV e rThe uer will need to estimate needed charge since currently
available communication protocols do not allow the charger to know the state of
charge of the vehicle. This lack of communication is one of the major challenges
highlighted by this study.

1 If the customer clicks on the link, the vehicle overrides smart charging and
begins charging immediately. This enables a simple method of override and a
user interf acoeuttohatto fitrheea cchuesst o mer f or a ¢

Energy Storage

Thirty Sonnen energy storage systems were installed at participant homes. These were all
installed indoors, usually in the garage near the PV inverter (Figure 10). The BESS was sized
based on the house loads and its PV system

Figure 10: Installed Battery Energy Storage System

Source: Itron
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The Sonnen BESS requires a connectin to access the internet. The connection enables
communications with the Sonnen server and connects with its intelligent charge management
system.

In TOU mode, the application programming interface connection allows InteliSOURCE to set
the beginning of the off-peak period and the start and stop of the peak period. The BESS will
start charging at the start of the off -peak period and then discharge during the peak period,
but only to offset household load and not to discharge to the grid. For Phase 1 in su mmer, this
would usually be set with the off -peak period starting at midnight and the peak period from
4:00 to 9:00 p.m. Note that in winter, the price differentials are small enough that cycling the
BESS is likely to cost the participant money (except for EV-TOU-5) since batteries lose some of
the energy used in charging due to inefficiencies.
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CHAPTER 2:
Project Approach

The project team created a real-world residential lab to advance understanding of innovative
distributed energy management opportunities made possible by advanced intelligent controls.
Alternative Energy Systems Consulting led this effort. Itron Inc., lead technologist and
developer of a RDERMS handled integration planning and readiness assessments. SDG&E
provided subject matter expertise over the course of the project including analysis of dynamic
tariffs, price signals, and demand response (DR) programs. KnGrid was responsible for
managing its demand clearinghouse technology and providing other subject matter expertise.
The Center for Sustainable Energy conducted sample design, tariff analysis and modeling, and
knowledge transfer.

Demonstrations

To test and understand the impact of RDERMS control under two different scenariosd
traditional TOU tariff rate and advanced price-signal optimizationd the demonstration was
broken into two phases:

1 Phase 1: Optimization and response to existing SDG&E TOU rates. So that optimization
and behavior would have direct impacts on customer utility bills, participants were
asked to switch to one of three TOU rates: DR-SES, EVTOU-2, or EV-TOU-5.

1 Phase 2: Optimization and response to the EPRI transactive signal server to receive and
respond to a transactive load management (TLM) signal. This consisted of two, two-
week periods when the project team optimized therm ostats, batteries, and electric
vehicle charging based on the EPRI price signal. Note that these rates and signals do
not directly impact customer utility bills.

The schedule for these phases is shown inFigure 11, with Phase 1 starting in December 2018
and the field demonstration lasting one year. Phase 2 experiments were performed in
September and November 2019 with the hopes of catching variable weather and Southern
Californiads hot Santa Ana winds conditions
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Figure 11: Demonstration Phase Schedule
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Phase 2 thermostat and EV charger controls could not be completed as planned. The project
team attempted to initiate controls in response to dynamic signals across all devices but was
unable to fully control thermostats and EV chargers in response to the TLM signal. However,
EV charger control was demonstrated in a test case on one charger. The lack of a common
communication standard across vehicle manufacturers proved to be a significant barrier in this
study. Without the current state of charge and the planned leave time (information from the
vehicle), it is very difficult to develop an optimized c harging strategy in a dynamic pricing
scenario. It was less impactful to the TOU demonstration because the vehicle could start
charging the moment the EV tariff super off -peak rate initiated and the vehicle was generally
assured to be fully charged. The Energy Commission and the CPUC are currently considering
common EV communication standardswhich, if adopted, could be integrated into future DER
studies.

Phase 1 (TOU Rate) Demonstration and Implementation

TOU demonstrations in Phase 1 formed the bulk of the one-year field data collection period.
This provided the opportunity to test and refine communications and controls and develop a
baseline for comparison with Phase 2operations. Response to anenergy based TOU rate is
simpler than the response required in Phase 2 because the rates are static and change on an
established schedulerather than receiving a new rate schedule daily. Figure 12 shows the
energy rates for the two TOU rates selected for the study: EV-TOU-2 and DR-SES TOLE
Summer is June through October and winter is November through May.

2 During the study, SDG&E introduced anaher EV-only rate, EV-TOU-5. This rate lowers the super off -peak rate
to $0.09/kWh in exchange for a $16/month fixed fee. For many EV customers, this provided a more cost -effective
rate, so the project team decided to recommend this rate to EV drivers.
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Figure 12: SDG&E EV-TOU-2 and DR -SES TOU Rates
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Some key aspects of this rate are listed below.

1 No tiers. All energy consumed or produced is credited?® at the same rate schedule,
regardless of kilowatt-hours (kWh) used.

1 No demand charges. The electricity bill is dependent on the amount of electricity
consumed by a participant in each period during a billing month.

1 Rates differ greatly from summer to winter; winter rates are relatively flat for all times
of the day.

Winter Phase 1 (T ime -of-Use) Operation

The winter rates in Figure 12 have less than a 10 percent difference from super off -peak to
on-peak. This small differential between super off-peak and on-peak rates means that shifting
loads using BESS orthermostats could increase customer costs. So, during winter Phase 1
(TOU) operation, only electric vehicle charging was actively shifted for participants for most
rates. Additionally, a handful of participants with both electric vehicles and BESS switched to
EV-TOU-5 during 2019 and BESS was cycled in November, which was the first winter month
when most of these customers were on this rate.

During Phase 1, optimal EV charging begins at midnight, when demand is low. The vehicle
continues to charge until the battery is full. It is recognized that vehicle use varies according to
the driver 6s s paeany ohe pointin tine vT® hllow spexidliged charging, the
control strategy incorporated a feature that gave the participant the ability to overrid e the next

3 Because of NEM agreements in SDG&E territory, energy sold back to the utility is sold at essentially the retalil
rate.



scheduled charge session via text message reply In this mode the charging strategy defaults
to the vehicle charging schedule.

Summer Phase 1 Time -of-Use Operation

The summer rates do provide substantial incentives for participants to shift load s away from
on-peak to either super off -peak or off-peak time periods. Shifting these loads varied by
device, as further described.

Battery Energy Storage System Phase 1 Summer

During Phase 1, the optimal control of BESS charging and discharging is dependent on the

utility billing season and TOU rate period. Interconnection rules do not allow batteries to

discharge to the grid, so the Rainforest ZigBee gateway was used to verify that the discharge

from the BESS did not e x onsuengtionaof eteergity. househol doés

The following describes how BESS charging and discharging is implemented to minimize a
customeroés bill during the summer rate period.

1 Charge the BESS off the grid starting at midnight.
91 Discharge the BESS between 49 p.m.

There is no participant incentive to moderate charging or discharging during the TOU period.
Participants were unaffected when their BESS discharged during the 49 p.m. summer peak if
their BESS discharged to cover their utility electricity consumption during the peak period (or
as close as possible without discharging to the grid). That could mean a 4 kW/8kWh BESS
discharging at an average of 4kW from 4 to 6 p.m. Conditional to optimizing BESS usage for a
participantds ener gy c alsatge or disthargesof therBESSksenbsy t h a't
beneficial for either the grid or a utility. Is a rapid discharge of the BESS early during the peak
period the best discharge time for the utility? Or is there an alternative time during the 4 -9
p.m. peak period when discharging the BESS would be equally beneficial to both the
residential participant and the utility? During Phase 2 of BESS implementation, the batteries
were charged and discharged based on a dynamic rate that may more accurately represent
co-optimization for both the participant and the grid.

During the winter rate period customers on the DR -SES TOU rate should not use their
batteries to reduce their bills. There is not enough of a price difference for residents to use
BESS to their benefit. Since BESS does not have aound-trip efficiency of 100 percent, a larger
differential between on-peak and off-peak is required to operate the BESS costeffectively in
the winter. In general, around an 80 percent round-trip efficiency is assumed for these
systems?

Electric Vehicles Phase 1

During Phase 1, the optimal control of electric vehicle charging, given currently available rate
designs, is to begin charging at midnight. The vehicle continues to charge until the car battery

41 f the battery participant al so hadlOa5rates thecrate difféerentiaMne hi c | e
winter was sufficient to financially justify cycling the battery.
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is full. The participant maintains the ability to override the RDERMS charging at the charger or
with a text message reply.

Thermostat Phase 1 Summer

DuringPhasel,a t est homeds ther most at-coslirgdolloweddyda t o i mj
dritupinthehome 6 s temperature during peak (higher <co

preecool ing was planned from noon to 4 p.m. After
all owed to increase, or fAset b-eoolikg.caoledithearrandk | at i v
the homeds ther mal mas s .

To best apply and control thermostats during Phase 1, the project team first established if the
thermostat was in cooling mode, then determined the thermostat temperature settings and
the participant ds mi ni mrepreferencks. he forecast for the eertp e r a t

daybébs weather was also considered. I f the homed
preferred temperature setting was inputted into the thermostat, the first step in the precooling
algorithm compared the thermost at 6 s setting in the | ate aftern

temperature forecast for the next day.

San Diego has a relatively temperate climate. During the summer months it is not uncommon

for air conditioners to be turned off , or for them to be left in the on or cooling mode, and the
homeds windows to be | eft open. I n San Diego, t
hottest part of the summer (August through October), so the team had to determine whether

the homeowner had set up his or her home for a ir conditioning. The study did not attempt to
precool a participantés home when the windows w
setting with the forecast of outdoor temperature, the precooling algorithm was implemented if

the forecast of the nextday 6 s hi gh temperature was 10 degrees
afternoon thermostat setting. Initially, this algorithm was relatively simple because it lowered

the set point from noon to 4 p.m. by 2 degrees and raised the setpoint by 1 degree during

peak hours (4 to 9 p.m.). 5 This algorithm was replaced during Phase 2 by a linear program

that optimized for minimal cooling costs during hot days.

The project team decided early in the study to use the hourly setpoint function within the

thermostat application programming interface to provide the ability to change each

t hermostatés setpoi nt ewuepenod. Mhes providedymere grandlae n e x t
control than the O0hol ddé function. The hold func
set number of degrees for a set timeframe (such as the 2 -degree pre-cooling for four hours

just described). Unfortunately, the majority of hourly setpoint adjustments sent to thermostats

did not result in thermostat temperature setpoint changes. Using the hold f unctionality would

likely have delivered more reliable control since that functionality is broadly used for demand

response programs throughout the country.

SBased on fAiSMUDG6s 2012 Réekoddnt mpacPrEcvablbango®oubdy Hert e
Solutions.
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Phase 2 (Dynamic Rate) Demonstration and Implementation

Phase 2 of the SHS automated technology o the EPRI TLM tested a dayahead dynamic rate.
This rate aligns utility and customer costs, benefitting both the customer and the grid. The
dynamic EPRI TLM varies in price for each hour of the next day and differs from TOU rates
used in Phase 1. Figure 13 shows the average EPRI TLM summer prices for 2017 and 2018,
and Figure 14 shows those prices for winter.

Figure 13: Phase 1 vs. Phase 2 Energy Prices in Summer
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In the summer, a small morning peak appeared in Phase 2 that is not reflected in Phase 1
TOU pricing. Additionally, peak prices rise in the later part of the T OU on-peak period. Also
evident in Figure 13 and Figure 14 is that, year over year, dynamic prices can vary
substantially between years, with 2018 showing much higher prices, likely caused by a hot,
dry year.

Summer in San Diego is different from many other parts of the state. The early summer

marine | ayer (known as the AJune gloomo to resi
energy consumption down in the early part of summer. Higher temperatures are more li kely in

late summer. Largely for this reason, the project team chose the first test period to be in

September to catch part of the hot spell when the Santa Ana winds drive up temperatures and

demand, and therefore energy prices.
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Figure 14:Phase 1 vs. Phase 2 Energy Prices in Winter
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Winter prices show a more substantial difference between phases 1 and 2. Phase 1 TOU prices
are nearly flat, whereas Phase 2 dynamic prices show both morning and afternoon peaks. To
allow comparison between these rates, the project team performed the final experiment late in
the month of November

The control strategies for Phase 2 were more complex than the relatively simple strategies
required to minimize cost in Phase 1. However, similar to Phase 1, the Phase 2 logic behind
shifting loads varied by device.

Energy Storage Phase 2
Phase 2 of the SHSrequired a different control strategy for the energy storage systems. As
previously discussed, while Phase 1 implementatian aimed to benefit the participant, it did not
necessarily benefit the electric grid. Phase 2 implementation required the following elements.
91 Forecast of site net load based on historical usage and forecasted weather
1 EPRI dynamic price This metric provides an estimate of day-ahead utility costs.
1 BESS status Current state of charge

These data were then used to schedule BESS charge and discharge for thefollowing 24 hours.
The charging of the BESS in Phase 1 was scheduled in two steps.

1. Estimate the charging time required (based on current state of charge and total BESS
size).

2. Find the lowest consecutive prices for hours required, based on the EPRI dynamic price
rate. Consecutive hours were required due to limitations imposed using this
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manuf act urTOU @pseratiBgEnSde for control and this mode only allows one
low price charging period per day. Other battery modes such as dgnanualécould have
enabled different charge and discharge rates by hour but in manual mode the discharge
of the battery is not limited by net load. That lack of net load feedback to the battery
means that the battery would likely export to the grid in many conditions, therefore
violating customer interconnection agreements.

The discharging of the BESS in Phag 2 is scheduled in three steps.
1. Find highest price hour (based on EPRI dynamic prices) and subtract forecasted load
from the BESSO0s total capacity.

2. Find the next highest consecutive price hour and subtract forecasted load from the
BESS6s remaiy.ning capacit

3. Continue until BESS is expected to be emptyif the price is over 1.2 times the charging
price (to account for round -trip efficiency losses).

Figure 15 illustrates how charging and discharging were implemented in a sample SHS
par ti ci pa@ntthisslay,lPY geaeration was sufficient to exceed onsite consumption
midday, therefore exporting to the grid, as evidenced by the negative site net load bars in
green.

Figure 15: BESS Charging and Discharging Cycles
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The BESS begins charging at 2 a.m. since that is when the EPRI dynamic price is lowest. The
BESS then discharges between 7p.m. and 8 p.m. because that is when the price of energy
spikes. Since this household is on a TOU rate, the household still would be expected to see a
reduction in its electricity bills. The high EPRI dynamic price indicates that the grid tries to
reduce customer demand during the 7 p.m. to 8 p.m. time period; therefore, this BESS
implementation also benefits the grid.

Electric Vehicles Phase 2

The Phase 2 electric vehicle charging implementation was built on Phase 1 control and
incorporated additional information for scheduling optimal car charging.

T EPRI dynamic pri ce anedtmatesfor ntibtyt aogtscit isprowaded od e s
a day-ahead basis.

1 Expected unplug time based on historical data for that participant.
1 Expected hours of charge based on historical data for that participant.

These data were then used to schedule charging for the next 24 hours. The charging of the
car battery in Phase 1 was scheduled in three steps.

1 Estimate the charging time required (based on historical charging behavior) for each
site.

1 Estimate the earliest expected departure time (based on historical charging behavior)
for each site.

1 Find the lowest consecutive prices for the hours of charge required after plugging in
and before expected departure.

Unfortunately, only limited field testing w as completed for EV charging in Phase2. One site
completed dynamic testing assuming a 4-hour charge time with a 7 a.m. departure time.

Thermostat Phase 2

As previously discussed, while a thermostat is the least expensive DER installed in this study,
its control is the most complicated. The overall objective is to minimize electricity costs driven
by air conditioning on a single day. Phase 2 estimated a thermodynamic model for each home
to determine how quickly a home heated up as the outside temperature ch anged. Results from
the thermodynamic model were intended as inputs to a linear programming equation used to
minimize the cost of a participant running his or her air conditioner while still maintaining
comfort levels. Unfortunately, due to the technologic al issues mentioned here and relatively
mild weather in 2019, this control was only implemented on a handful of houses and days.

Sample Design and Recruitment

A sample designfor 100 participants who could reasonably represent SDG&E residential,
single-family homeowners was established, and a detailed sampling plan was developed. The
plan identified the objective for diverse participant profiles, how to maximize research value
while accounting for specified limitations, potential recruitment pools and data sources, and
outreach methods. An outreach plan was then developed and implemented. Due to significant
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recruitment challenges, outreach efforts were adapted and revised until the desired sample
size was achieved.

Sampling Limitations

The predetermined sample size of 100 single-family residences had some risk of bias and
limited potential for statistical inference. This could not be avoided, only addressed, due to
project budget constraints and the willingness of single -family homeowners to enroll in the
study. The project team found access to all SDG&E customersvas cost-prohibitive and had
the inability to develop a true statistical sampling plan. Thus, it was not possible to develop
weights to expand the findings from study participants to the entire utility territory population.
Thest udy 6 s may thengiokeeot represent the average single -family homeowner in
SDG&EOGs s er vAdditenallyearticipants weye .instead selected from recruitment
pools identified by the project team and likely include participants who are more aware of and
interested in their energy usage than many other utility customers. Nevertheless, results from
the project still provide valuable information about the future feasibility of RDERMS technology
in both the study region and in California as a whole. Findings from this study were presented
with these limitations .

Initial Recruitment Pools and Data Sources

The ability to manage and analyze many different residential energy loads using either DR or
dynamic TOU utility rates during the study was key to understanding how the RDERMS
technology can have a much broader reach throughout California. Differences in climate
zones, participant electrical and mechanical mixes, load shapes, and other characteristicshave
significant energy consumption impacts. . To accomplish this objective, frequently encountered
flexible, and high-energy-consuming end uses along with PVin a residential setting were
identified as loads and in the case of PV, excessenergy, that could be shifted to different
times of day using RDERMSand BESS and four different use cases or candidate profiles were
initially developed using different mixes of end uses and PV (Table 1).
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Table 1: Pre -and Post -Participant Enrollment Considerations

Eligible Candidate Profiles

Post - Enrollment Considerations

Receives
Honey -
. AC EV PV Mid- | well T- | 5 ential Load to el ey
Profile day stat & : Installation
Load | Owner Owner Shift . :
Load Enrolls Considerations
in DR
Tariff

1 X X X X AC, L2 EVCS and L2 EVCS or
mid-day loads; Storage
discharge storage (Arbitrage)
during peak

2 X X X X AC and L2 EVCS L2 EVCS or
loads; discharge Storage
storage during peak

3 X X X AC loads; discharge | Storage
storage during peak

4 X X X X AC and mid-day Storage
loads; discharge
storage during peak

Source: CSE

Candidate profile criteria included the presence and use of air conditioning (AC) throughout

the day because this is typically a substantialpor t i on of a

homeowner 6s

efficiently controlled through a smart thermostat. Other criteria included the pres ence of an
electric vehicle, which allowed for charging to be shifted to off -peak hours. In addition,
presence of PV wasconsidered since excessrenewable energy can be stored and shifted for
use during on-peak periods with a BESS Households with high mid-day loads were also
considered, with loads during peak times such as pool pumps or energy use associated with
occupying a home, since more load can be shifted from peak periods to off -peak periods with

a BESS

Along with identifying residential partici pants who met those defined use cases, the project
team decided that participants would be selected from different climate zones and areas
designated as disadvantaged communities. Originally, the team considered including
participants from all four of SDG&E 6 s
(SDG&E, nd.). However, because of the small sample size and strict eligibility criteria, the
project team restricted participation from only two climate zones: coastal and inland. These
climate zones are often used in new construction project evaluations since mountain and
desert areas are sparsely populated and do not offer enough data points. Also, using the

Cal

i forni a

Envi

i mat e

ronment al

Zones:

Protection

coastal ,

Agencyobs

Saeening Tool (CalEnviroScreen 3.0, n.d.), recruitment outreach was to target single-family
homeowner s

resi

ng

n di sadvantaged
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The primary initial recruitment method to reach a sample size of 100 was to use identified
recruitment pools. All known datasets or recruitment pools that were initially explored for the
study are listed in Table 2.

Table 2: Study Participant Recruitment Pools

Description of Data Set or Recruitment

Known Data Set
Pools

SDG&E customers & employees (coastal and | Residential customer street and email

inland) addresses and eligible employees

Oxygen Initiative 400 University of San Diego electric vehicle
owners addresses and emails

Net energy metering (NEM) participants A map of residential customers with a
renewable energy source

Itron employees Eligible employees

Center for Sustainable Energy employees Eligible employees

City of San Diego Development Services A public permit database with available

Depart ment AOpenDSDO residential solar installation permit records
with homeowner addresses

Other local government online permitting Available public permit databases containing
portals residential solar permits with homeowner
addresses

Energy Commi ssi onds N|Adatabase of residential new construction
Partnership that includes solar PV

Source: CSE

Additionally, study recruitment was initially planned at sustainability and clean tech-related
events and workshops, electric vehicle dealerships websites, social media pages of partner
representatives, solar installers, local jurisdictions, SDG&E, and San Diegd area clean energy
and tech organizations. Solar installer outreach planned to target new residential solar PV
owners (those who installed solar after June 2016 and are on NEM 2.0 but would be forced
onto an SDG&E TOU rate in the near future).b

Outreach Methods

The project team developed a recruitment and application website to facilitate enrollment in the
study (https://smarthomestudy.com/ ). Individuals with the required technologies (AC and
electric vehicle and or PV) were encouraged to fill out the website survey to determine their

6 TOU Period Grandfathering for NEM Customers https://www.sdge.com/residential/savings -center/solar-power-
renewable-energy/net-energy-metering/time -use-period-grandfathering
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https://smarthomestudy.com/
https://www.sdge.com/residential/savings-center/solar-power-renewable-energy/net-energy-metering/time-use-period-grandfathering
https://www.sdge.com/residential/savings-center/solar-power-renewable-energy/net-energy-metering/time-use-period-grandfathering

first-level eligibility for the study. The website collected information on the following eligibility
criteria.

1 The homeowner is an SDG&E residential electric service customer.

The home is an owner-occupied, single-family, or multifamily household.
The home has AC.

The home has Wi-Fi internet service.

= =4 4 2

The home has solar panels or an electric vehicle that are currently registered in
California.

1 The home does not already participate in an SDG&E demandresponse program.

The project team recruited 100 participants between April and November 2018 within SDG&E
territory based on the guidelines from the sampling plan. To reach 100 participants, a variety
of additional outreach efforts were implemented, and all efforts were adjusted based on
response. Applicants were asked where they first lear ned about the study. Based on this
survey, the following are the primary outreach efforts that informed customers about the
Smart Home Study.

1 Smart Home Study Friends and Family: Provide SHSconsortium representatives an
initial recruitment email offering participation to employees and encouraging them to
reach out to family and friends.

1 CleanTech Email: CleanTech San Diego is a nonprofit trade organization that supports
the clean-tech industry. CleanTech sent an email to its members with some background
information on the study as well as directions on how to apply online.

1 UCSD Electric Vehicle EmailUniversity of California San Diego has an electric vehicle
charging program. This program generated an email to its members with information
on the study and directions on how to apply online.

1 San Diego Gas & Electric SDG&Esent both an email and paper mailer to customers
who have dropped out of a demand response program.

1 Baker Emait Baker Electric sent information on the program and directions on how to
apply to its San Diego customers.

1 Center for Sustainable EnergyOutreach: The Center for Sustainable Energyundertook
multiple outreach efforts including advertisements through Face book, Twitter, and
LinkedIn; an email campaign through Grid Alternatives targeting low -income
communities in San Diego; and presentations at various community meetings
throughout San Diego County.

1 Other: Some applicants to the program did not recall where they heard about the Smart
Home Study and are represented in this grouping.

The distribution of sources where applicants stated where they learned about the study is
illustrated in Figure 16: Applicants by Outreach Source. The largest source of applicants was
Baker Electric customers (34 percent). The next largest sources were SDG&E customers who
had dropped out of earlier demand response programs, and the grouping of those who could
not recall how they heard about the study, both at 21 percent. An example of an outreach
email used in the study to encourage individuals to apply is in Appendix A.
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Figure 16: Applicants by Outreach Source
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Source: Itron

Recruitment Challenges and Solutions

Recruiting 100 participants brought about many challenges. Despite the recruitment
challenges, the SHSonly had one participant drop out during the pilot phase.

Green Button Data

Homes that passed the website eligibility process were asked to submit their Green Button

energy usage data to help determine if their load profiles were a good fit for the study. While

clear i nstructions were provided on how to obt a
SDG&E potal, the requirement for customers to download their own usage data presented

some recruitment challenges. The SHScall center helped many customers access their Green

Button data, however there were some applicants who did not upload their data and could

therefore not be considered for participation in the study.

Energy Usage Assessment

The Green Button hourly electricity usage data was analyzed for each applicant to determine
the likely impact of the study on both the household and the grid. The first analysis looked at

the potenti al bil I i mpact of moving the househo
applicable to the study. The second assessment
close attention to the average hourly summershape t o determine i f the st
technol ogies would |ikely result in changes to

reliability of the grid.

Using 12 months of Green Button electricit
electric bill under a tiered DR rate and u
estimate of the impact of the rate change and does not consider the potential load shift
associated with study participation. In some cases, the study did not recei ve 12 months of

y usa
nder
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usage data because an applicantdédsd existing SDC
These applicants were sometimes difficult to fully review. In many cases, if summer data were
available, a manual review of summer-usage patterns was sufficient to determine study
eligibility.

Homes passed the first energy usage assessment if their utility bills were estimated to decline,
or only increase by $150 or less, following a rate change from the tiered DR to the SES TOU
rate. The assessment of the first-order bill impact of moving from the tiered DR to the SES
TOU rate was implemented to ensure that the study had a high probability of saving money
for participants. During the study, participants had bill protection for increases in their
electricity bill associated with moving from the tiered to the TOU rate (see Chapter 2 Onsite
Recruitment - Bill Protection Section below). Following completion of the study, however,
participants forfeited that bill protection and will not be allowed to return to the tiered rate.
The first usage data assessment minimized the number of participants whose bills are likely to
increase following study participation.

Time -of -Use Rate

During recruitment, the project team found it exceptionally difficult to persuade customers to
move from a tiered rate to a TOU rate. Even in cases where the customer would save money,
many participants were unwilling to risk their tiered rate. Many SDG&E customers with solar
were grandfathered into tier-based rate schedules that are no longer available; therefore, if a
utility customer opted to switch to a TOU rate for the Smart Home Study, they could not
return to their grandfathered rate. This was a major barrier for many applicants. To mitigate
this challenge, the project team allowed study participants to remain on a tiered rate if they
understood that this choice forfeited their access to bill protection. While the program could
still apply and study technologies based on the suggested TOUrate, allowing customers to
remain on their grandfathered tiered rates increased the desire of many applicants to
participate in the study.

Participant Load Shape

Reviewingac ust o mer 6 s and pagirth clgsé atgnton to the timeof ac ust omer 6's
electricity production and usage together helped
represented the types of loads contributing to grid insecurity. This step focused on customer

energy usage during SDG&EOGs peak pealdargedvening To en
load, average hourly summer electricity usage between 7 p.m. and 9 p.m. was calculated for

each home. Homes with large average evening electricity consumption were maintained for

additional assessments. Homes with lower evening electricity consumption have less evening

load to shift to other periods of the day. ~

Customers with electric vehicles often charge their cars as soon as they arrive home from work
in the evening when demand on the grid is greatest but solar PV production rapidly declines to
zero. For homes with electric vehicles, the study encouraged vehicle charging from midnight to

7SDG&EbGs TOU SE Skperadfrom A-@msm. @he pummer evening load analyzed the 7-9 p.m. load
to eliminate hours where PV systems are likely to be producing in the summer.
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6 a. m., which i sped&kpaa@lB onged sppgrtentties exfsted to improve the
load shape of customers who were already charging their vehicles during this period. To focus
study participation on homes with charging patterns that contribute to grid instability, the

study team calculated the ratio of the average electricity usage from the utility at midnight
relative to their 7 p.m. to 9 p.m. utility electricity usage. The larger the ratio, the more likely
the homeowner was charging his or her electric vehicle at midnight. The study team reviewed
the load data for sites with larger ratios to determine if there was potential to shift additional
evening load from the SDG&E onpeak period. Homes with a large midnight to evening ratio
were usually excluded from the study because their load shapes were not contributing to the
head of the duck curve to the same degree as homes with a smaller midnight -to-evening ratio.
Another unforeseen challenge with this metric was the load shape from multiple electric
vehicles in a single home. There were some cases when the program found homes charging
multiple electric vehicles using a single charger by moving the charger from one vehicle to
another when the first had charged . Dual (or in one case, triple) electric vehicle homes make it
very difficult to shift electric vehicle charging load because the vehicles may require being
plugged in over both the evening (6 p.m.to 12 a.m.) and the early morning (12 a.m.to 6
a.m.) time periods.

Onsite Recruitment

Homes passing the website eligibility criteria and the Green Button data analysis were referred

to on-site data collection. During on-site data collection, a proje ct team engineer visited the

homes and further reviewed their eligibility for the study , identifying the types of equipment

that could potentially be installed. Equipment installed at all homes included a Honeywell Lyric

T6 Wi-Fi thermostat to controlthe AC and a gateway to record the |
consumption. Homes with PV were also inspected to receive an OpenWay meter to record the

PVOs energy production. Thirty homes wRSlevelel ect
2 charging station and 30 homes received a Sonnen batterie eco energy storage system.

Initially, the study planned to install an OpenWay meter to record PV generation at all homes

with solar; however, the installation of these meters could invalidate existing warranties.

Therefore, only participants who had no warranty or were under a Baker Electric warranty

received the OpenWay meters to measure their solar production.

Study participants were grouped into four tiers. A tier 1 participant received a smart
thermostat. A tier 2 participant received a smart thermostat and an electric vehicle charger. In
some cases, this replaced a level 1 (120v) wall socket charger, in others it replaced a level 2
(240V) charger. A tier 3 participant received a smart thermostat and a BESS system. And, a
tier 4 participant received a smart thermostat, electric vehicle charger, and BESS. Table 3
shows the distribution of equipment for the 100 homes chosen to participate in the Smart
Home Study.
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Table 3: Smart Home Study Tier Distribution

Number of
Tier Participants Equipment Received
Tier 1 50 Smart thermostat
Tier 2 20 Smart thermostat and electric vehicle charger
Tier 3 20 Smart thermostat and BESS
Tier 4 10 Smart thermostat, electric vehicle charger, and BESS

Source: Itron

During the on-site data collection, the field engineeri nspected and scored t hi
technologies (PV, AC and thermostat, electric vehicle), while also scoring both the site and

smart home technologies, based also on ease of installation. A score of 10 meant that the

engineer believed that the installation of a specific technology would go smoothly while a

score of 0 indicated that the home and technology were incompatible. Thresholds for scoring,

in combination with the sample design for the distribution of technologies and climate zones,

wereusedt o determine a homeds priority to receive

Additional electrical information was collected for customers who either owned electric vehicles
or looked to be a good match with a BESS. The electrical information was used in load
calculation forms that provided electricians with enough information to determine if a permit
application would be successful. The preliminary site visit form included a grading scale for all
customer smart equipment. Customers who received the highest scores for the installation of
smart equipment were offered the opportunity to participate in one of the tiers.

After the electricianbés review, the acceptance
participant, and approval fr om t haethocty isstakatwe r 6 s ¢
of the electric vehicle charger and/or BESS was scheduled with the customer. The study

discovered that the length of time required to get these permits from the different jurisdiction

holding authorities t hr oughout S iafed Bubstantialle. Agthe stady gpproached
equipment installation deadlines, recruitment was targeted in areas with quicker permit

turnaround times.

Table 4 shows the number of customers who proceeded through each step of the site
selection process.

Table 4: Smart Home Study Selection Process

Electric Target Preliminary Installed
AC | PV | Vehicle Number Applicants Sites Sites
Yes | Yes Yes 20 133 68 45
Yes | Yes No 68 176 78 46
Yes | No Yes 12 44 19 9
Total 100 353 165 100

Source: Itron
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